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\ A MECHANISY FOR MASS Jvc"m IN RED G TS ‘
} R \ SO

In 2 recen'i; ‘oa'oer » Weyroznn (19620) has discussed various mechanisms

wnich have been proposed for the eaec«,:.on of matter from red giants such .

l

as & Oriqns; The moin sz tfieulty is 'f:o e*cp...c.:x.n the obse“ved a!paren‘cly
constant out-flow of ratter beyornd 10 stellar redii with a speed
~ 10 km sec™t which is less than the escape velocity fxom the star
(Weymann 19622). Purely hydrodynemic theories seem to demand ar; extensive
hot corona surrounding the star for which no observational evidence is |
aveilable. |

A simple explanation of the observations seems possible if solid
rarticles, on which radiation pressure can acf: , are able to condense.

Weymann (1962b) discusses this possibility briefly but is led to reject it,

:parcly on account of the lack of plausibility of thé idea that ice-~like

grains can condense -in the envelope at 1000 K and partly on account of a
Mrre drift veloc:.ty which he ocbtains for the ice gra:.ns relatlve to the
gas. The same conclusions, however, 4o not ap;oea.r to hold for the case of
graphite particles of sizes =~ 3.10-6 cm _

Donn, Wickramasinghe, Stecher, and Eudson (1965) have recently
considered the possibility that grarphite partiéles o sizes requifed; to B

explain the in% erstellar extlnc‘bion (Wn.ckramasn.ngne and Guillaume 1965,

Stecher and Doan 1965) may condense in the expand:.ng envelopes of red
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Vith = /nH S0V, a=3.10" cm, end Q_. =0.5, we have
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x ~ 6.10° x cma-gm‘.l . . ()

Taus, x & 0.01 (i.e., 24 of _t}ze C condensed) would suffice to produce an’

-1

opa.éity k =10 cm2~gm . .

A :‘ cher requirement t0 be satisfied is that the gas and grains

are not too. quickly separated. - Let V be the radial drift velocity of

the 'grains relative to the gas_.' Ve -shall now expre_és the condition that '

the gravita.tibnal force on the gas is balanced by 'tlie',force‘e,xer‘bed vy
the .gre.:msﬁ -The mean free path of a gas atom between successive- ébl‘li-f _

sions with grains is given by

where ny is the nuzber density o dust grains. The average time interval

" between two comsecutive collisions of a gas atom with grains is therefore -

N

¢ 2 \ - " . . . ’ . ) . ’ s - o
~ (V xa” n5) 1, and during th:.s.tme the gas atom acquires a rad:.a.J.

momentum ~ mHv. The rate of change' of radial moment;im pef gas atom :i‘s o

therefore  ~ my v xa® n; and equating this to gravity we have
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and supstituting numerical values 2 = 3.108 s rxc/n}I = 10-3,

s =2.5 g ém~3, end - g = 7,107 cn sec™ (at 10 stellar radii), we get
| /2 S -
V w~ ( 2 -6\) x 1/2 xa sec T . (7
3 X 10 ’
6

For x ®0.01, a=3X10 ~, the velocity of radiel drift of grains
relative t0 the gas.is =~ 10 xm sec-l, cczparable to the radial velocity
of tne envelope itself., This is considerably iess thajn the velocity.

~ 160 X sec":L which Weymam; (1962b) gives for micron size ice grains.
A &rift velocity sozewhat less than 10 kn sec'"l is possible by ‘choosing

a larger value of x, that is, supposing that more than 149 of the available

carbon condenses as graphite, which is indeed likely. However, ‘the

coupling we already have is sufficlent ©To release the envelope matter to

infinity. The escape velocity at a distaunce r from the star is

1/2 . o ces ' ~
~ (GM/r) ~, = 20 kn sec at 10 stellar radii. In order for the
envelope to be able to escape, therefore, the matter at 10 stellar radii

o -1 o ms
nas to be propelled at 10 kn sec ~ only up.to a further distance - ~ 10,

perhaps 20 stellar radii before it has enough énergy t0 escape. Axn enve-

lope of dimension ~ 10 stellar radii will be stripped of dust in a time

~ 20 years. During this time, however, more C would have condensed as

4=



graphite <o waintain the thermcdynanic balance, and the timescale ~ 20 years

is sufficient for grains to grow ';:o‘-.\sizes ~ 3,10 ° cm., This process couid
: ‘ \ .
coatinue watil the gas beccmes too tenuous -~ i.e., watil it gets too far

i

Srox the star. 4 given sazmple of “.;l.e envelope materizl is therefore ztle

T0 escape Irom the gravitational poveritial well of the star as a result of

.

rains condencsing consfir.tly within it.
A q&es-‘cion'yét reme.iris ‘2s to how the eavelope iguter is liZced from
the photosrhere out to a distance cf 10 stellar radii, Although the ellec-
tive temperature of the star is ~ 3400 X, it is not unlikely that the
temperature at a scale height above the photosphere may 211 to ~ 2100 X
Guring minimum phase permiiting the condensation of graphite. However, in
these regions grainé cannot grow to radil m uch lerger ‘oha.n ~ 10-7 cn  on
account of tne lerge excess of atomic hydrogen present (Donn et 2l., 1863).

Foom eqestion (3), Witk = /=207, It seex thel & very s=eTl Treo-
tion x = 0.001 of the available carbon is reguired in the fora of grevhnite
. . o =T il . ..
greins with radiuvs 3.10 " cm in order to produce the necessary opacity

-1 , : " e s I
~ lO <:m2 gn <0 e,ject the matter. -On account of the hnigher ambient zas

densit Ly, the g,ra.ms a.nd gas will be very strongly coupled-as %.hey begin to
move -ou.,ward. S:.gnrf‘icant decoupling would begin to teke place when the

‘.he ea::l:..er paragrab s
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ratter reaches the envelope and the cfn
beccze valid.
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